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by Andrew Mitz & Jon Daley

DOS in the 215 Century
A USB Flash Drive Reader for MCUs Works for DOS

With a little effort, you can turn DOS into a handy real-time operating system.
As Andrew and Jon explain, it can be the perfect fit for embedded applications
that may require too many resources for a single-board microcontroller. Read
on to learn how this USB flash drive reader for DOS can enhance your future

embedded applications.

ven the smallest embedded project can read and
= write USB flash memory drives thanks to the
Vinculum VDRIVE2 flash memory drive reader module
from Future Technology Devices International. The
VDRIVE2 module, with its built-in USB socket, snaps
into the front panel of your project and talks to a micro-
processor through either a SPI port or a serial port (see
Photo 1). All of the complexities of talking to a flash
memory drive (attachment, FAT16 support, and so on]
are handled by its FTDI VNCIL flash memory drive host
controller chip, which provides simple commands for
directory listings, file transfers, and other operations.

You can get a VDRIVE2 off-the-shelf from Mouser Electronics
for about $25. Although the VDRIVE2 was intended for
microcontroller use, our embedded application uses
DOS. Much of this article will apply to both.

WHY DOS?

DOS may be dead in the desktop computing world, but
it lives on as an important operating system for embed-
ded applications. One of the great advantages of DOS is
that small tweaks can turn it into a true real-time oper-
ating system that is perfect for low-volume, cost-sensi-
tive applications that require too many resources for a
microcontroller. At the National Institute of Mental
Health (part of the NIH), Andrew uses an
open-source data acquisition and control
program called NIMH Cortex. It is a real-
time DOS application developed for
behavioral brain research. It supports

low-speed analog channels (each with a
1 ksps conversion rate), lots of digital I/O, and a
few specialized interfaces (e.g., touchscreens),
and it comes with a companion program for near

Photo 1—The Vinculum VDRIVEZ2 USB flash memory drive reader
snaps easily into a front panel. It has a built-in microprocessor
that manages the flash memory file system with simple serial or
SPI port commands, so just about any embedded controller can
access a flash memory drive.
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real-time display of simple graphics objects on a separate
computer. You program NIMH Cortex in C. Once you
get past the learning curve, it is a powerful tool for
automating experiments. One thing we really miss on
our DOS system, however, is a USB flash memory drive
reader. USB disk support can run under DOS (refer to
www.bootdisk.com/usb.htm for examples), but large
applications like NIMH Cortex don’t tolerate the termi-
nate and stay resident (TSR) and other drivers that eat
up scarce DOS resources. We have circumvented the
DOS memory problem by using the VDRIVE2. In this
article, we will describe our mixed hardware/software
solution for a DOS flash memory drive reader/writer
that can be assembled for less than $50 and doesn’t use
resident memory.

HARDWARE

The VNCIL chip has a built-in UART, but the chip
provides only 5-V logic signals. RS-232 serial ports
require 15 to £15 V, so a level converter is needed for the
VDRIVE2. A Maxim Integrated Products MAX232A is
the most common chip for this job. It needs only four
0.1-pF capacitors and a decoupling capacitor to provide
buffering and bipolar voltage boost. We designed a small
PCB using the free layout tools from ExpressPCB. Two
copies of the circuit board layout fit onto a single 2.5" x
3.8" board, the size used for the ExpressPCB MiniBoard
Service. Using our layout file, you can electronically
order three boards (six copies of the circuit) for about
$60. The layout file is posted on the Circuit Cellar FTP
site. Alternatively, you can delete one copy of our circuit
from the layout and lay out another project. Then your
$60 will get you three converter boards and three of your
design. Just don’t forget to leave space between the lay-
outs for cutting each board. If you plan to use the
VDRIVE2 with a SPI port, a level converter is not neces-
sary. However, a level converter will enable you to use
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Photo 2—The VDRIVEZ2 has 5-V (TTL/CMOS) signals. It needs a level
converter to interface directly with a serial port. Our level converter
circuit board is shown here. It has a header for the VDRIVEZ2 on one
end and a board-mounted serial port connector (DE-9) on the other
end.

your computer as a test environment for learning about
the VDRIVE2 and even for embedded code development.
Photo 2 shows the populated circuit board. The
schematic is in Figure 1. Table 1 has a complete descrip-
tion of the parts, including the parts for power and pack-
aging. A nine-pin D-sub connector (J1, which is techni-
cally a DE-9, but often called a DB-9) mounts directly on
one end of the PCB for connection to the computer seri-
al port. The other end of the circuit board has a single-
row 2-mm pitch header (H1). The header matches the
jumper cable that comes with the VDRIVE2. For tight
spaces, you can cut one connector off of the jumper
cable and solder the cut wires directly to the circuit
board. An alternative header socket (H2) is on the side of
the circuit board; it has the same connections as H1, but
with 0.1” spaced pins. H2 can
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be used for soldering the cut
VDRIVE2 wires or to gain
access to the VDRIVE2 signals
for testing. Like the two con-
nector alternatives, two alter-
natives are provided for power-
ing the board, as well. The lay-

out has holes for a circular con-
[ - v | u‘ nector (J2) commonly used for
= O_gg;Ew 7 Cw}gju wall power transformers
1 Seralport &oe- o2 e (bricks). Any DC brick rated
SRole [y T sff for 9 to 15 V at 100 mA will
ié’ g;__' iy ;Qgﬁlg—l L E § § via supplied cable work. A low-power, three-ter-
\D_Es? 18] 6D vop e : ° ?:; minal regulator (LM78L05, U2)
MAX232A vl * drops this voltage down to 5V
ki S for the MAX232A and the

Header 0.1-inch centers

VDRIVE2. Alternatively, regu-

Figure 1—The level converter schematic shows two power options: wall transformer or USB port

power. The circuit can be assembled for one or both power options.
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lated 5 V can be pilfered from
any available USB port via J3.
J3 is a type-B USB connector,
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Quantity | Ref Description Source Part Number Notes
1 Vinculum VDRIVE2 USB flash memory drive Mouser 895-VDRIVE2
interface Electronics
2 C1,C2,C3,C4 | 0.1-uF/50-V Ceramic capacitor Digi-Key 399-4264-ND
3 C5, C6 2.2-pF/50-V Miniature electrolytic capacitor Digi-Key P825-ND
1 H1 Single-row 2-mm header, 50 pins Digi-Key SAM1176-50-ND Break off eight pins for board
3 H2 Single-row 0.1" header Do not install a connector
2 J1 Nine-position female D connector, PC mount, right = Digi-Key A32075-ND
angle
1 J2 DC power connector, PC mount, 2.1 x 5.5 mm Digi-Key CP-202A-ND Mount connector only if using a wall transformer
1 J3 USB B connector, PC mount Digi-Key AE9925-ND Do not mount connector if only using a wall
transformer
1 SW1 Ultra-miniature slide switch Digi-Key 360-2133 Use jumper instead of switch if only one of J2 or
J3is used
1 U1 MAX232A RS232 Driver/receiver, 16-pin DIP Digi-Key MAX232ACPE+-ND
1 u2 LM78LO5AC Low-power 5-V linear regulator, TO-92 | Digi-Key MC78LO5ACPFS
2 Mounting screws for J1, 4-40 x 3/8 Digi-Key H781-ND Box of 100, only two needed
2 Nut 4-40 Digi-Key H216-ND Box of 100, only two needed
1 D-Sub hardware set Digi-Key 609-1420-ND
1 Printed circuit board ExpressPCB Order using ExpressPCB software and .PCB file
1 Wall transformer 9 VDC at 125 mA Digi-Key MT7141-ND
1 Serpac series A plastic case, black Digi-Key SRA21B-ND
1 End panel with DB9 cutout for Serpac A-21 Digi-Key SR2005-DB9B-ND

Table 1—This is a complete listing of parts and parts sources. A number of parts (J2, C6, U2, SW1, wall transformer) can be omitted when

using the computer’s USB source for power.

making it easy to bring power through a standard USB
peripheral device cable. When using the USB port for
power, J2, U2, and C6 are not needed. Switch SW1 is
shown for those who might want both options on the
same board, but more commonly a board will be assem-
bled for only one power option with a wire jumper in
place of S1.

You might want to mount the VDRIVE2 separately
from the level converter board, but we chose to package
them together in a plastic box (Serpac Series A) (see
Photo 3 and Photo 4). A wide rectangular slot is cut into
one end plate of the box to accommodate the VDRIVE2.
The other end plate is replaced with one precut for the
DE-9 (Serpac A-21) (see Table 1). Standard DE-9 hardware
secures the connector to the end plate and provides a
threaded fastener for the connecting cable. The arrange-
ment is a tight fit and some of the internal plastic ribs
and stand-offs must be trimmed with a hobby knife, but
the final product is appealing. The end plates and
remaining stand-offs provide plenty of support for the
circuit board and VDRIVE2. No additional mounting
screws are needed. Cuts in the box’s sloping sidewalls
provide access to the power connectors.

Look at the VDRIVE2 datasheet before completing
your assembly. The three-pin jumper on the back of the
device (UART/SPI) should be set for pull-up. Once
assembled, connect one of the power sources and con-
nect your computer’s serial port. You can use a modem
program in either DOS or Windows (e.g., HyperTerminal)
running at 9,600 bps to chat with the VDRIVE2. You can

even plug in a flash memory drive and get a directory
listing with simple text commands. Refer to the
Firmware manual for examples.

SOFTWARE CONSIDERATIONS

Our reason for using special hardware was to preserve
DOS memory by avoiding resident drivers. Thus, from
the outset, the plan was to produce a set of DOS com-
mands for each aspect of talking to the flash memory
drive (read, write, directory listing, and more). These
primitive commands could be used on their own or serve
as the backbone for an alternative user interface, perhaps
a Norton Commander-style interface.

Photo 3—This shows how we packaged the VDRIVE?2 together with the
level converter circuit board. The fit is tight, so the VDRIVEZ cable is
wired directly into the H2 pads rather than through a connector.
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A number of issues arose before
and during development that were
related to the problem of operating
without a resident driver. A resident
driver can remember the data rate
and other serial port settings entered
earlier by the user. Programs not
loaded into memory need another
way to avoid Korsakoff’s syndrome.
The two standard options are envi-
ronmental variables and configura-
tion files. We chose to use environ-
mental variables. You can place
SETENYV commands in the
AUTOEXEC.BAT file for boot-up
configuration, but we recommend
using our batch file that takes the
parameters on the command line
and checks for valid environmental
variable names.

Environmental variables provide
memory for the different programs
using the VDRIVE2, but things get
messy when trying to change the
data rate of the VDRIVE2. If the
VDRIVE2 has been set to one baud
rate (e.g., 9600) and then you change
the environmental variable to a new
baud rate, the old baud rate informa-
tion is lost. Multiple environmental
variable sets could be employed—
one for program tracking and one for
user requests, but this approach was
eschewed out of personal preference.
Rather, we chose an algorithm that
hunts for the proper data rate if
communication with the VDRIVE2
is lost. The algorithm is useful for
other occasions, such as when the

Photo 4—This is the complete assembly,
with the VDRIVEZ2 on one end and the
level converter power connectors
accessible from the side. The serial
port connection (not visible) is
opposite the VDRIVEZ.

VDRIVE2 is first powered up.

Perhaps the most vexing problem
associated with implementing read-
write programs for the VDRIVE2 is
dealing with the directory structure
of the flash memory drive. The
VDRIVE2 does not keep track of the
current default directory. Without a
resident program, it is difficult,
albeit not impossible, to keep track
of the current directory. Our pro-
grams require you to take responsi-
bility for knowing the current
default directory after one or more
change directory commands. To
complicate matters, the DRIVE2
supports only 8.3 (eight-character
alphanumeric name followed by up
to three-character alphanumeric
extension) DOS file names. Thus,
Windows XP directory names will
often look like PROJEC~2. In our
application, these limitations do not
pose any real inconvenience. We use
simple directory structures to move
files from our NIMH Cortex data
acquisition system to a Windows
computer for editing or data analy-
sis. With this in mind, we did not
implement complex directory pars-
ing at the command line. Specifica-
tions like ..\.\PJM\DAY?2 are not sup-
ported, although specifications like
.\DAY2 and \P\PJM\DAY?2 are.

The VDRIVE2 firmware must be
at version V3.64 or later. Updating
the VDRIVE2 can be done in two
ways. One, you can download
VPROG reflasher COM utility and
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the latest VDAP ROM file from the
Vinculum download page on the
FTDI web site. The Reflasher COM
utility runs from DOS or a DOS
window and programs the VDRIVE2
via the serial port. Alternatively, you
can rename the FTD file for the lat-
est release to FTRFB.FTD, put the
file on the root directory of a flash
memory drive, and just plug the
flash memory drive into the
VDRIVE2. The VDRIVE2 will find
the file and update its own firmware.

SOFTWARE IMPLEMENTATION

The eight DOS commands for
using the VDRIVE2 are in Table 2.
Two commands, FCONFIG and
FBAUD, provide ways to establish
the serial port communications
parameters with the VDRIVE2.
FCONFIG is the only command
implemented as a DOS batch file
(.BAT). The other commands are exe-
cutable files (.EXE). FCONFIG sets
environmental variables in a conven-
ient way, providing some helpful
error checking. Here are two exam-
ple FCONFIG commands:

fconfig com 2 baud 115200
fconfig address 0x2E8 irqg 5 baud 9600

The first example selects COM port 2
at 115,200 bps. The port and inter-
rupt addresses are the standard ones
for COM port 2. The second example
explicitly sets (nonstandard) address-
es. FCONFIG does not try to initiate
communications with the VDRIVE2,
FBAUD does. FBAUD initiates a
search for the VDRIVE2 device, tries
to establish a new data rate, then

reestablishes communications at the
new rate. Allowed data rates are
2,400, 9,600, 19,200, 38,400, 57,600,
and 115,200. A power-up reset places
the VDRIVE2 at 9,600 bps.

FCD is used to change the default
directory on the flash memory drive.
When first inserted, the flash memo-
ry drive is set to the root directory.
FCD can return the flash memory
drive to its root directory using just
a backslash as the command line
parameter, just like the DOS CD
command. Other operations are sim-
ilar to the DOS CD command, with
two exceptions, as noted above. FCD
does not try to manage complex tree
commands, and FCD will not report
the current default directory path.
FDIR also does not report the cur-
rent directory path. FDIR with no
command line parameters lists the
entire contents of the current direc-
tory without any further details.
FDIR with a specific file name will
display the file size of that file. Sim-
ple DOS wild cards will work as
expected (e.g., FDIR *.DAT), but
more complex wild card constructs
are not implemented. This limited
directory functionality could be
greatly expanded. We encourage you
to think about writing a more con-
venient user interface using our
source code as a starting point.

The file operation commands are
FPUT, FGET, FDEL, and FREN. We
thought about implementing an
FCOPY command rather than FPUT
and FGET, but having separate com-
mands lets us use the file path parsing
capabilities of DOS. Access to files
on the DOS system can use any legal

DOS Command Purpose

FCONFIG.BAT Set COM port address, data rate, and IRQ in the environment.
FBAUD.EXE Establish communications with VDRIVE2 at selected data rate.
FCD.EXE Change default directory.

FDIR.EXE List current default directory.

FPUT.EXE Copy a file from the current DOS directory to the flash memory drive.
FGET.EXE Copy a file from the flash memory drive to the current DOS directory.
FDEL.EXE Delete a file on the flash memory drive.

FREN.EXE Rename a file on the flash memory drive.

Table 2—This table lists the eight DOS commands for accessing files on the flash memory
drive. FCONFIG is a batch file; the others are all exactly the same .EXE files with different

names!
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66 A combined hardware/software solution
provides an affordable way to read from

and write to flash memory drives while

in DOS.

file path construction, while access
to files on the flash memory drive
are limited to the current default
directory of the flash memory drive.
Once again, there is an opportunity
for you to program a more general-
purpose interface that supports more
complete file path constructions for
the flash memory drive and renam-
ing files as they are copied. FREN
lets you manually change a file
name on the flash memory drive and
FDEL can delete a file. FPUT, FGET,
and FREN will overwrite only a des-
tination file if a /y option is added as
the first command parameter. (Note
that the option /h will list instruc-
tions for any of the commands.)

The most challenging part of the
source code development was manag-
ing the FIFO of the UART during serial
port transfers. The limited computa-
tional power of the VDRIVE2 and the
wide variation in personal computer
hardware require careful coding of the
serial port handshaking. The FIFO of
the computer UART must be enabled
and disabled at critical moments to
maximize throughput without over-
running the VDRIVE2 buffer at high
data rates. The VDRIVE2 provides an
acknowledge handshake, so errors are
always trapped. Even with the careful
handshake, a file copy (FPUT or
FGET) will fail on occasion. These
failures are rare unless the computer
hardware just cannot handle one of
the high data rates. For large files (over
a few megabytes), it probably makes
more sense to reboot the system to
Windows and use the full speed of a
USB port. It takes about 50 minutes
to copy a 30-MB file at 115,200 bps,
which is close to the theoretical min-
imum time (about 46 minutes).

COMPILER & SOURCE CODE

The source code is posted on the
Circuit Cellar FTP site. Although
the source code is rather generic C
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and should work with any C compil-
er, the code comes with a project file
for compilation using Borland C++
version 1.1. The Borland compiler is
available as a free download for non-
commercial use (http://dn.codegear.
com/article/21751). On the web site,
you will find a lot of information for
installing and using the compiler.
For this project, installation on a
Windows XP computer is straightfor-
ward. We use all installation
defaults except the source disk (C
drive instead of a floppy disk). To
keep things simple, the source code
is unzipped to a new directory
CA\TC\FSOURCE, a subdirectory of
the Turbo C++ compiler root. After
everything is set up, double click the
TC.EXE file in the C\TC\BIN subdi-
rectory to get character-based Turbo
C++ GUL If you want, use the prop-
erties option of the DOS window to
switch to full-screen mode and flash
back to the good old days of DOS.
Compile is as easy as install. Once
Turbo C++ is running, type ALT-P to
drop down the Project menu and
select Open Project. Navigate to the
FSOURCE directory and select MAS-
TER.PR]J. You should end up back in
the main Turbo C++ screen. Type
ALT-C for the Compile menu and
select Build All. That will create
MASTER.EXE, the only file you
need. Why is MASTER.EXE the only
compiled file? Because all of the
other .EXE files are just clones of
MASTER.EXE with different names.
When the program is started, it
looks at the first parameter of the
command line, which is the file
name of the program; the program’s
file name determines what action to
take. You can manually make copies
of MASTER.EXE, renaming each
copy to match the commands, or
you can use the batch file
MAKE.BAT to generate the entire
set. Consolidating the object code to
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I Listing 1—The file name for each command is hard-coded in MAIN.C. Change the string in the strncmp function and recompile MAIN to
rename a command.

if(!strncmp(szCommand, “FDIR.EXE”, 8)) g_eCmd = COMMAND_FDIR;

else if(!strncmp(szCommand, “FPUT.EXE”, 8)) g_eCmd = COMMAND_FPUT;
else if(!strncmp(szCommand, “FGET.EXE”, 8)) g_eCmd = COMMAND_FGET;
else if(!strncmp(szCommand, “FCD.EXE”, 7)) g_eCmd = COMMAND_FCD;
else if(!strncmp(szCommand, “FREN.EXE”, 8)) g_eCmd = COMMAND_FREN;
else if(!strncmp(szCommand, “FDEL.EXE”, 8)) g_eCmd = COMMAND_FDEL;
else if(!strncmp(szCommand, “FTER.EXE”, 8)) g_eCmd = COMMAND_FTER;
else if(!strncmp(szCommand, “FBAUD.EXE”, 9) g_eCmd = COMMAND_FBAUD;
else g_eCmd= COMMAND_UNKNOWN ;

a single program simplifies develop-
ment in many ways, but the down
side is that you cannot rename the
file operations. Thus, if you do not
like the program name FPUT.EXE,
you might be tempted to rename it
to, for example, TOFLASH.EXE.
However, the renamed program will
just give you an error message. To
change the name of a command, you
will also have to change the name in
the source code of MAIN.C, shown
in Listing 1. Change the file name in
quotes and then update the number
of characters to match the new
name. Do not exceed the 8.3 (12
character) DOS limit. After updating
MAIN.C, repeat the Build All step
above and then copy MASTER.EXE
to the new command file name.

A BETTER INTERFACE

A combined hardware/software
solution provides an affordable way
to read from and write to flash mem-
ory drives while in DOS. In this
implementation, inexpensive hard-
ware obviates the need for resident
drivers. While version 1 of the soft-
ware can be a little awkward when
the flash memory drive has complex
directory structures, the source code
and information presented here pro-
vide a pathway to better user inter-
faces. It is easy to envision a Norton
Commander-like interface, or some
other classic semi-graphical charac-
ter-based user interface for selecting
and operating on files and directories.
We hope to hear from readers who
take on this part of the challenge.
Because USB ports have such blazing
speeds compared to their serial prede-
cessors, large files are best managed
by setting up dual-boot operating
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systems that enable you to defenes-
trate DOS for Windows when more
serious file transfers are necessary.
For smaller files, the VDRIVE2 and
the new DOS commands are an ideal
solution.

Although the software was written

for DOS, much of the code is
reusable for microcontrollers with C
compilers, or as an example for other
embedded applications. If you build
the level converter, you have a great
set of tools for experimenting with
the VDRIVE2. (&l
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PROJ ECT FILES
To download code, go to ftp://ftp.circuitcellar.com/pub/Circuit_Cellar/2009/
226.

S OURCES

FTDI VNCIL Host controller chip and VDRIVE2 reader module
Future Technology Devices International | www.ftdichip.com

NIMH Cortex
NIMH Laboratory of Neuropsychology | www.cortex.salk.edu
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